In a cross sectional study of 137 women of childbearing age (16-40) the effects of normal pregnancy, hypertensive pregnancy, and oral contraceptives on red cell electrolyte content and sodium efflux rates were examined and the results compared with values in a control group of normotensive, non-pregnant women. Efflux rate constants were significantly increased in normotensive pregnancy and in women taking oral contraceptives. This was associated with a significant increase in sodium permeability in the contraceptive group. A much larger increase in sodium permeability and efflux rate constant was seen in the hypertensive group.
Introduction
In normal pregnancy peripheral resistance is not raised despite high circulating concentrations of angiotensin II; in hypertensive pregnancy, however, this protection against the effects of angiotensin II is lost, resulting in arterial vasoconstriction and an increase in blood pressure.' Little is known of the cellular mechanisms underlying these changes, although a similar abnormality to that described in essential hypertension2 has been proposed. We have studied the electrolyte content and sodium efflux rates in erythrocytes from normotensive and hypertensive pregnancies and compared them with values in non-pregnant women receiving no medication and a group taking oral contraceptives. Our aim was to establish if there was an abnormality of sodium handling which might precipitate hypertension.
Subjects and methods
We studied 137 white women comprising the following groups: 15 non-pregnant women not taking oral contraceptives (controls); nine women taking oral contraceptives; 16 normotensive women in the first trimester of pregnancy; 37 normotensive women in the second trimester of pregnancy; 51 normotensive women in the third trimester of pregnancy; and nine hypertensive women in the third trimester of pregnancy. Plasma and intracellular sodium and potassium concentrations were measured in all subjects. Sodium efflux rate constants were measured in all non-pregnant and hypertensive pregnant women and in 12 normotensive women in the third trimester. None of the subjects studied had a family history of hypertension or had been taking antihypertensive agents. Pregnancy induced hypertension was defined as a persistently raised blood pressure above 140/90 mm Hg occurring in a previously normotensive woman. All were normotensive six weeks after delivery. Blood pressures were measured in the normotensive pregnant women during a routine antenatal visit using standard mercury sphygmomanometers, and in the non-pregnant women by a different observer using a random zero sphygmomanometer. All hypertensive subjects were inpatients admitted for control of their blood pressure, and hypertension was confirmed using a random zero machine. Control 
Results
The groups were well matched for age. Systolic blood pressure was higher in women taking oral contraceptives than in controls but this did not reach statistical significance (table I) .
Plasma electrolytes ( but in the group taking oral contraceptives and in the hypertensive women in the third trimester it was significantly raised.
Discussion
The fall in plasma electrolyte concentration reflects the expanded plasma volume associated with normal pregnancy.5 The higher systolic blood pressures recorded during the first and second trimesters of pregnancy could not be compared with control values because of the different circumstances under which they were measured.
We have shown that normotensive pregnancy is associated with an increased rate of sodium efflux. Although the total efflux rate constant was raised, the unidirectional sodium flux was not, suggesting that the membrane permeability to sodium remains normal. In hypertensive pregnancy both total efflux rate constant, and unidirectional sodium flux were greatly increased, suggesting an increased permeability to sodium. These results imply that the hormonal changes associated with normal pregnancy stimulate sodium efflux, causing intracellular sodium concentrations to fall. Such changes have also been found by other investigators. 6 Our results also show that despite a large increase in membrane permeability to sodium in the hypertensive group, intracellular electrolyte concentrations remained remarkably stable, suggesting that the cells are capable of responding to the increased permeability by increasing their ability to pump out sodium. Because this was not a longitudinal study the fact that the hypertensive group did not have a significantly raised intracellular sodium concentration as a whole does not rule out the possibility that subjects within the group might have had important increases in intracellular sodium over the course of their pregnancy.
The increase in membrane permeability to sodium found in the hypertensive group might have been due to a circulating toxic substance; however, that permeability is also increased by (7 6) 112 0 (9 7)/72 0 (9-3) 121 6 (10 9)!69-1 (10-2) 118 9 (9 0)/70 3 (6 8) 120 1 (11 3)/73 9 (8 6) 146 7 (10 9)1101 3 (8 8) oral contraceptives makes this unlikely. An alternative explanation is that the hormonal changes induced by pregnancy and oral contraceptives cause an increase in membrane permeability to sodium and stimulate sodium efflux. If this were the case then there must be an agent present in normal pregnancy which stabilises the cell membrane and which is absent or diminished in hypertensive pregnancy.
It has been suggested that prostacyclin mediates the tolerance to angiotensin II in normal pregnancy and that its relative lack is responsible for the onset of hypertension.' This hypothesis is compatible with our results, since it has also been found that oral contraceptives inhibit prostacyclin production," and that long term use of oral contraceptives is associated with a significant and reversible rise in blood pressure.9 Our results offer an explanation for this phenomenon, since the increased cell membrane permeability to sodium occurring in women taking oral contraceptives was similar to that occurring in hypertensive pregnancy. Indeed it has been suggested that women most likely to have a rise in blood pressure while taking the pill are those who have had pre-eclampsia."'
In order properly to evaluate the hormonal influences of pregnancy and oral contraceptives on cellular sodium handling longitudinal studies are required so that changes within subjects can be monitored.
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